Raman Spectroscopy of Likasite at 298 and 77 K by Frost, Raymond et al.
Raman spectroscopy of likasite at 298 and 77 K 
 
Ray L. Frost•, Kristy L. Erickson, Matt L. Weier, Peter Leverett and Peter 
A. Williams*
 
Inorganic Materials Research Program, School of Physical and Chemical 
Sciences, Queensland University of Technology, GPO Box 2434, Brisbane 
Queensland 4001, Australia. 
 
*School of Science, Food and Horticulture, University of Western Sydney, 
Locked Bag 1797, Penrith South DC NSW 1797, Australia. 
 
Published as: 
 
Frost, R.L., Erickson, K.L., Weier, M., Leverett, P. and Williams, P.A.                
Raman spectroscopy of likasite at 298 and 77K. Spectrochimica acta. Part A, 
Molecular and biomolecular spectroscopy, 2005. 61(4): p. 607-12. 
 
Copyright 2005 Elsevier 
 
Abstract 
 
Raman spectroscopy at 298 and 77 K has been used to study the structure of likasite, a 
naturally occurring basic copper(II)nitrate of formula Cu3NO3(OH)5.2H2O. An intense 
sharp band is observed at 3522 cm-1 at 298 K which splits into two bands at 3522 and 
3505 cm-1 at 77 K and is assigned to the OH stretching mode.  The two OH stretching 
bands at 3522 and 3505 provide estimates of the hydrogen bond distances of these 
units as 2.9315 and 2.9028 Å.  The significance of this result is that equivalent OH 
units in the 298 K spectrum become two non-equivalent OH units at 77 K suggesting 
a structural change by cooling to liquid nitrogen temperature.  A number of broad 
bands are observed in the 298 K spectrum at 3452, 3338, 3281 and 3040 cm-1 
assigned to H2O stretching vibrations with estimates of the hydrogen bond distances 
of 2.8231, 2.7639, 2.7358 and 2.6436 Å.   Three sharp bands are observed at 77 K at 
1052, 1050 and 1048 cm-1 attributed to the ν1 symmetric stretching mode of the NO3 
units.   Only a single band at 1050 cm-1 is observed at 298 K, suggesting the non-
equivalence of the NO3 units at 77 K, confirming structural changes in likasite by 
cooling to 77 K.  
 
Keywords: likasite, copper nitrate, gerhardtite, Raman spectroscopy, infrared 
spectroscopy 
Introduction 
 
Naturally occurring nitrate minerals are found in a number of different 
environments, but the majority of these are in areas of high evaporation or in arid 
climates. Many of these minerals are found in places such as the Atacama Desert in 
Chile. This is due to the generally high solubility of nitrate salts in water. Exceptions 
are the metastable nitrate-bearing members of the hydrotalcite groups and certain 
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basic copper salts.  Despite the high solubility of most nitrates in water, aside from 
basic salts, they are quite widely distributed in the natural environment, given 
appropriate conditions for their crystallisation. Simple nitrates including gwihabaite, 
nitratine, niter, nitrobarite, nitrocalcite and nitromagnesite are found in quantities 
ranging up to thousands of tonnes in dry caves where rates of evaporation are 
significant.  
 
Aside from this, both simple and complex nitrates, save again for the basic 
salts are present in quantities amounting to millions of tonnes in the celebrated 
Chilean nitrate deposits of the Atacama Desert. These represent a significant source of 
nitrate fertiliser and have been mined as such for centuries. It is possible that the 
presence of nitrates may be responsible for the well preserved mummies in Chile and 
Peru. The rare mineral ungemachite was first found in the oxidised zone of the 
Chuquicamata copper deposit together with clinoungemachite; the mine is also 
located in the Atacama region and ungemachite has only been identified elsewhere in 
a single specimen from the oxidised zone of the New Cobar copper-gold deposit near 
Cobar, New South Wales, Australia.  
 
The basic copper(II) nitrates are an exception to the above pattern of distribution in 
that they are found sparingly in the oxidised zones of a number of copper ore bodies. 
Perhaps the most common of the minerals is buttgenbachite. The composition of this 
mineral is complicated by the fact that it is involved in a complex solid-solution series 
involving the sulfate-chloride analogue, connellite. Various amounts of chloride and 
hydroxide ions are found in the lattice depending upon the composition of the solution 
from which the mineral crystallises and with respect to requirements for charge 
compensation. Connellite, the sulfate-dominant analogue, almost invariably carries 
some nitrate although the nitrate free end-member can be synthesised.  
The basic copper nitrates are listed as follows: 
Gerhardtite     Cu2NO3(OH)3
Rouaite  Cu2NO3(OH)3 
Likasite     Cu3NO3(OH)5.2H2O 
Buttgenbachite ca Cu36(NO3)2Cl8(OH)62.4-10H2O  
 
In many ways there have been few studies of these types of minerals. Yet such 
mineral formation is important in the corrosion of copper and copper alloys [1-3].  
Likasite is a very rare mineral and was first described by Schoep et al. as a bright blue 
mineral.  The crystal structure of likasite [64577-27-1] gave a = 5.830(1) °, b = 
6.775(1) °, c = 21.711(5) ° with space group Pcmn [4]. Structural analysis gave a 
formula of  Cu3(OH)5(NO3).2H2O with 4 formula units/cell. The Cu atoms are [4+2], 
[4+1], and [4] coordinated by O atoms. The atomic arrangement of likasite was found 
to be characterized by a connection of the Cu-O polyhedra to complicated sheets lying 
parallel to (001). The nitrate group is joined to these sheets along the longer Cu-O 
bonds. The sheets are interconnected only by H bonds. It is obvious that very few 
spectroscopic studies have been forthcoming on the types of minerals listed above.  
The use of Raman spectroscopy to study nitrates is embedded in the history of Raman 
spectroscopy [5-10]. In this work we apply Raman spectroscopy using a thermal stage 
to the study of a natural sample of likasite at 298 and 77 K. 
 
Experimental 
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Mineral 
 
The mineral likasite (South Australian Museum Number G17448) obtained from 
The Great Australian Mine.  The minerals were analysed for phase purity by X-ray 
diffraction techniques and for composition by electron probe analyses. 
 
Raman microprobe spectroscopy 
 
The crystals of the mineral likasite were placed and orientated on the stage of 
an Olympus BHSM microscope, equipped with 10x and 50x objectives and part of a 
Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a Charge Coupled Device (CCD). Raman spectra were excited by a 
HeNe laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. In order to ensure that the correct spectra are obtained, the incident 
excitation radiation was scrambled.  Previous studies by the authors provide more 
details of the experimental technique. Spectra at controlled temperatures were 
obtained using a Linkam thermal stage (Scientific Instruments Ltd, Waterfield, 
Surrey, England).  Details of the technique have been published by the authors [11-
16].  
 
Spectracalc software package GRAMS. Band component analysis was 
undertaken using the Jandel ‘Peakfit’ software package, which enabled the type of 
fitting function to be selected and allows specific parameters to be fixed or varied 
accordingly. Band fitting was done using a Gauss-Lorentz cross-product function with 
the minimum number of component bands used for the fitting process. The Gauss-
Lorentz ratio was maintained at values greater than 0.7 and fitting was undertaken 
until reproducible results were obtained with squared regression coefficient of R2 
greater than 0.995. 
 
 
Results and discussion 
 
 The mineral Likasite (Cu3NO3(OH)5.2H2O) has three distinct vibrating units 
namely NO3, OH and H2O each of which will have a characteristic vibrational 
spectrum.  Such a mineral lends itself to Raman spectroscopy. The Raman spectra of 
likasite at 298 and 77 K are shown in Figure 1.  The results of the spectroscopic 
analyses are reported in Table 1.   The Raman spectrum at 298 K shows a sharp 
intense band at 3522 cm-1 with a bandwidth of 14.6 cm-1.  This band is assigned to the 
symmetric stretching mode of the OH units. The band splits into two bands at 3522 
and 3505 cm-1 at 77 K with bandwidths of 7.3 and 6.7 cm-1.  The ratio of the 
intensities of these two bands is 3/1.  The significance of this measurement at 77 K 
means that two types of hydroxyl units are present which are non-equivalent.  A 
number of broad bands are observed in the 298 K spectrum at 3452, 3338, 3281 and 
3040 cm-1.  The bands are very broad with bandwidths of 67.8, 204.1, 44.1, and 270.7  
cm-1 respectively.  These bands are assigned to H2O stretching vibrations.  The bands 
become more well defined in the 77 K spectrum with bands observed at 3433, 3343, 
3284 and 2973 cm-1 with bandwidths of 69.1, 24.9, 29.4 and 79.2 cm-1.   
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 Studies have shown a strong correlation between OH stretching frequencies 
and both O…O bond distances and H…O hydrogen bond distances [17-20].  Recent 
work by the authors suggests that such an empirical function can be used for the 
hydroxyl stretching wavenumbers as determined by Raman spectroscopy. Libowitzky 
(1999) based upon the hydroxyl stretching frequencies as determined by infrared 
spectroscopy, showed that a regression function can be employed relating the above 
correlations with regression coefficients better than 0.96 [21].  The function is ν1 = 
3592-304x109exp(-d(O-O)/0.1321) cm-1.  By using the Raman bands of the OH 
stretching vibrations at the wavenumbers listed above, estimates of the hydrogen bond 
distances may be estimated. The two OH stretching bands at 3522 and 3505 provide 
estimates of the hydrogen bond distances of these units as 2.9315 and 2.9028 Å.  The 
water vibrations at 3433, 3343, 3284 and 2973 cm-1 provides estimates of the 
hydrogen bond distances of 2.8231, 2.7639, 2.7358 and 2.6436 Å.   The spectrum of 
likasite may be divided into two groups of OH stretching wavenumbers: namely 
3300−3700 cm-1 and 2900−3300 cm-1. This distinction suggests that the strength of 
the hydrogen bonds as measured by the hydrogen bond distances can also be divided 
into two groups according to the H-bond distances. An arbitrary cut-off point may be 
2.74 Å based upon the wavenumber 3300 cm-1. The hydrogen bond distances 3.052(5) 
and 2.801(0) Å may be described as weak hydrogen bonding and the bond distances 
of 2.705(6) and 2.683(6) Å as stronger hydrogen bonds. Thus by using the position of 
the bands in the infrared spectrum, an estimate of the hydrogen bond distances can be 
made. Such values are difficult to obtain from single crystal X-ray diffraction data. 
Hydrogen bond distances can be obtained from neutron diffraction data but such 
studies are rare.  
 
 The Raman spectra at 298 and 77 K of likasite in the 950 to 1150 cm-1 region 
are shown in Figure 2.   Two bands are observed: a broad band centred at 1049 cm-1 
with a bandwidth of 24.2 cm-1 and a sharp band at 1050 cm-1 with a bandwidth of 4.9 
cm-1.  In the 77 K spectrum, three sharp bands are observed at 1052, 1050 and 1048 
cm-1 with band widths of 3.9, 4.4 and 8.1 cm-1.  These bands are attributed to the ν1 
symmetric stretching mode of the NO3 units.  The Raman spectra of the NO3 
antisymmetric stretching modes are shown in Figure 3.   Two bands are observed in 
this spectral region at 1394 and 1319 cm-1 with band widths of 31.2 and 19.2 cm-1.  In 
the spectrum at 77 K, the broad band at 1394 cm-1 is split into components at 1407, 
1404, 1396 and 1384 cm-1 with bandwidths of 3.2, 5.3, 8.8 and 7.9 cm-1.  The band at 
1317 cm-1 in the 77 K spectrum is in a similar position to the band in the 298 K 
spectrum with a bandwidth of 12.9 cm-1 (from 19.2 cm-1).    
 
 The Raman spectra of the 600 to 1000 cm-1 region at 298 and 77 K are shown 
in Figure 4. The bands in this region should originate from the bending region of two 
vibrating units namely the hydroxyl and nitrate units.  The infrared spectral data of 
copper(II)nitrate has been published and the spectral data of divalent nitrates 
compared [22].   The ν2 mode was observed in the infrared spectrum at 820 cm-1 for 
copper(II)nitrate dihydrate and the ν4 mode at 770 cm-1[22].   A band is observed in 
the 298 K spectrum at 831 cm-1 with a bandwidth of 30.1 cm-1 and is attributed to the 
symmetric bending mode. The band splits into two major components at 836 and 821 
cm-1 with bandwidths of 16.9 and 5.9 cm-1.  Other components are observed at 871, 
863 and 854 cm-1 in the 77 K spectrum.  A broad band is found at 763 cm-1 and is 
assigned to the ν4 bending mode.  The band splits into two components at 777 and 751 
cm-1 with bandwidths of 22.9 and 23.1 cm-1.  The very sharp band at 803 cm-1 is a 
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spike probably brought about by cosmic radiation.  A sharp band is observed at 715 
cm-1 with a shoulder at 706 cm-1.  The band splits into two components at 721 and 715 
cm-1 with bandwidths of 4.2 and 5.1 cm-1.   A band is observed at 630 cm-1 which is 
not observed in the 77 K spectrum.   A band is also observed at 926 cm-1 which is not 
found in the 298 K spectrum.  It is considered that this band is due to water librational 
modes.  A similar band is observed at 980 cm-1 in the 298 K spectrum and at 985  
cm-1 in the 77 K spectrum.    
 
 The Raman spectra at 298 and 77 K in the 100 to 600 cm-1 region are shown in 
Figure 5.    Four bands are observed in the 298 K spectrum at 529, 514, 493 and 459 
cm-1.  These bands are sharp with bandwidths of 16.4, 20.0, 15.1 and 29.0 cm-1.  Four 
bands are observed in the 77 K spectrum at 532, 518, 497 and 458 cm-1.  These bands 
are ascribed to Cu-OH stretching vibrations.  An additional band is observed in the 
298 K spectrum at 377 cm-1 which is apparently resolved into components at 396, 380 
and 365 cm-1.  A broadish band is observed in the 298 K spectrum at 233 cm-1 which 
is observed as a sharp band in the 77 K spectrum at 241 cm-1 with a bandwidth of 10.3 
cm-1.   Other bands in the far low wavenumber region are described as lattice modes.  
 
Conclusions 
 
 Very few natural nitrates are known.  The ones that are only found in specific 
arid climates exist. Apart from buttgenbachite [14, 15, 23], copper (II) nitrates are 
represented by the hydrotalcite minerals mbobomkulite and hydrombobomkulite and 
nitrate members of chalcoaluminate and the basic copper(II) nitrates likasite and 
gerhardite. Minerals containing nitrates lend themselves to study using Raman 
spectroscopy.  In this work we have characterised the molecular structure of likasite 
by obtaining the Raman spectrum.  Differences in the spectra obtained at 298 and 77 
K show that the equivalence of the OH and NO3 units in the 298 K spectra is lost at 
77 K.  This non-equivalence of the OH units and NO3 units indicates a structural 
change upon cooling to liquid nitrogen temperature.  The Raman spectral changes 
suggest a phase change in likasite upon cooling to liquid nitrogen temperature.  
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  298K     77K   
Centre FWHM Area Centre FWHM Area 
3567 30.4 0.006 3556 45.1 0.012 
3522 14.6 0.120 3522 7.3 0.126 
    3505 6.7 0.039 
    3496 35.0 0.028 
3452 67.8 0.022      
    3433 69.1 0.020 
3338 204.1 0.305 3343 24.9 0.015 
    3328 54.0 0.028 
    3308 229.5 0.133 
3281 44.1 0.035 3284 21.9 0.067 
    3248 14.4 0.008 
3040 270.7 0.199 3025 176.0 0.106 
    2973 79.2 0.086 
    1962 13.1 0.001 
1628 104.8 0.008      
1394 31.2 0.003 1407 3.2 0.000 
    1404 5.3 0.002 
    1396 8.8 0.004 
    1384 7.9 0.001 
1319 19.2 0.007 1317 12.9 0.006 
    1114 41.1 0.003 
    1091 19.4 0.004 
1050 4.1 0.079 1052 3.9 0.018 
   1050 4.4 0.036 
1049 24.2 0.014 1046 8.1 0.036 
    1010 9.3 0.001 
    1003 52.9 0.008 
980 20.8 0.005 985 11.2 0.001 
    926 12.4 0.005 
    871 4.3 0.000 
    863 6.7 0.000 
    854 5.4 0.000 
831 30.1 0.020 836 16.9 0.011 
    821 5.9 0.001 
    803 2.3 0.001 
    777 22.9 0.004 
763 53.2 0.022 751 23.1 0.006 
    721 4.2 0.002 
715 6.1 0.005 715 5.1 0.004 
706 19.8 0.004      
    630 27.6 0.008 
    545 8.1 0.003 
529 16.4 0.027 532 10.1 0.023 
514 20.0 0.051 518 13.7 0.035 
493 15.1 0.019 497 10.0 0.015 
    484 21.4 0.005 
459 29.0 0.004 458 8.7 0.005 
    446 6.8 0.000 
    417 13.0 0.002 
    396 21.1 0.004 
377 15.8 0.006 380 14.4 0.008 
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    365 26.4 0.016 
341 12.1 0.001 346 18.4 0.011 
    283 6.9 0.001 
    271 7.6 0.001 
233 25.7 0.004 241 10.3 0.013 
    222 18.5 0.001 
210 12.9 0.002 212 9.0 0.001 
    196 7.3 0.001 
190 17.0 0.005 190 5.4 0.001 
175 9.5 0.002 172 10.0 0.003 
165 10.5 0.003 166 6.2 0.004 
140 9.7 0.001 146 7.5 0.011 
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